Purpose: The study was performed to evaluate variability in nasopalatine canal using cone beam computed tomography (CBCT) in relation to age and gender. The study also provides an insight while considering anterior maxillary implants. Materials and Methods: The study included 200 subjects aged between 19 and 67 years who were divided into the following 3 groups: 1) 19 -34 years old; 2) 35 -49 years old; 3) >50 years old. The male and female subjects were 104 and 96 respectively. After obtaining a prior consent, CBCT was performed using a standard exposure and patient positioning protocol. The CBCT volume was sliced in three planes (X, Y, and Z) and was sequentially analyzed for the location, morphology and morphometric dimensions of the nasopalatine canal. The correlation of age and gender with all the variables were evaluated. Results: The present study revealed statistically significant differences in the length of the nasopalatine canal based on the age group. The slanted and the cylindrical variety of the nasopalatine canal were commonly observed in the study. However, no statistical differences were noted in the other variables such as number of openings at the nasal fossa, diameter of the incisive fossa, angulation of the canal as viewed in the sagittal sections and antero-posterior dimensions of the canal in the sagittal sections. Conclusion: The present study demonstrates the variability observed in the anatomy and morphology of the nasopalatine canal which is an important landmark for placing dental implants in the anterior maxillary region.
Introduction
The nasopalatine canal (NPC) origins at a point situated towards the anterior aspect of the floor of each nasal cavity. Each canal opens into the midline incisive foramen situated on the median plane of the palatine process of the maxilla, posterior to the central incisor and transmits the terminal branch of the descending nasopalatine artery, nasopalatine nerve, branches of the maxillary division of the trigeminal nerve and the maxillary artery [1] . The nasopalatine canal has been well-known as an important landmark for the implant surgeon [2] . To avoid disturbing the neurovascular bundles and cause any complications both during the operatory and post-operatory, the dimensional variability should be taken into account when dealing with surgical procedures such as implant placement in the central incisor region [3] . In the present study, cone beam computed tomography (CBCT) scans were used to assess the dimensions and morphology of the NPC.
The anterior maxilla is frequently traumatized and oral rehabilitation with osseointegrated dental implants is often the treatment of choice. The oral opening of the NPC, the incisive foramen, is found in this region which maintains close proximity to the roots of the upper central incisors [4] [5] . In view of this anatomical relationship, thorough radiographic analysis is necessary during dental implant planning [5] [6] .
Therefore, knowledge of anatomical variations in the size, shape and number of the NPC is important, but studies on this topic are sparse [4] [7] [8] [9] [10] .
Hence the present study aims to investigate the variability in nasopalatine canal using cone beam computed tomography in relation to age and gender.
Materials and Method
The present study included 200 CBCT images that included the entire NPC in all three planes. The source of data for the study was patients that reported to the Department of Oral Medicine and Radiology from January 2017 to September 2017. The CBCT had been advised for evaluation of teeth in the anterior maxilla for various diagnostic purposes. The patients were informed about the study and informed consent was obtained. The CBCT scans from the patients with nasopalatine canal pathology (e.g. Nasopalatine duct cyst, tumor etc.), impacted teeth in the anterior maxilla, supernumerary teeth and trauma to the anterior maxilla were excluded from the study. Among the 200 patients, 104 were males and 96 were females. The patients were divided into 3 groups based on the age group I (19 -34 years), group II (35 -49 years) and group III (50 years and above) ( Table 1 ). The CBCT scans were done using Hyperion X9 digital imaging system (Myray, Italy). The occlusal plane was positioned horizontally and the edition (Myray, Italy) was used. The volume of the CBCT scans was sliced in three dimensions. Planes on the three axes (X, Y, and Z) of the CBCT images were sequentially analyzed. The sections were reformatted in all the three axis to avoid discrepancy while measuring the canal dimensions. Two specialists in oral and maxillofacial radiology independently analyzed all of the images for NPC for its shape, curvature, opening and canal dimension. In case of disagreement, the observers had to reach consensus. The medio-lateral diameter of the incisive fossa and the number of openings at the nasal fossa were evaluated in the axial sections, while the shape of the canal, curvature of the canal, angle of curvature, length of the canal, and antero-posterior diameters were assessed in the sagittal slices ( Figures 1-4 ).
The number of openings at the nasal fosse was assessed in the axial sections ( Figure 5 ) and 3D reconstructed image as seen in the bony window ( Figure 6 ).
The angulation of the nasopalatine canal was measured as the angle between the long axis of the NPC and the floor of the nasal cavity in reformatted sagittal section. The length of the NPC was measured along the long axis of the canal and the antero-posterior measurements of the NPC was measured at three different levels i.e. at the incisive foramen opening, at the middle level of the NPC and at the level of the nasal fossa ( Figure 7 ).
Results

Number of Openings at the Nasal Fossa
In the present study, 60% of the subjects had one opening at the nasal fossa, while 29% and 11% had two and three opening at the nasal fossa respectively.
The gender-wise and age-wise distribution of the number of openings at the nasal fossa is shown in the Table 2 and Table 3 . The mean medio-lateral diameter at the foramen of Stenson in males and females was 2.56 and 2.54 mm respectively. The greatest diameter was observed at the level of the nasal fossa. No Statistically significant differences among males and females and the different age groups with respect to the number of openings or average medio-lateral diameter of the foramen of Stenson were not observed in the present study (Table 4 and 
Classification of the NPC According to Its Shape and Curvature
The shape, direction, and course of the NPC were observed in sagittal sections and were classified into 4 categories according to their shape [7] : cylindrical, funnel, spindle, or hourglass. In the present study, cylindrical shape was the commonest (47%) followed by funnel shape (42%), hourglass shape (7%) and spindle shape (4%) respectively (Table 6 and Table 7 ). The NPCs were further classified according to their direction and course. The nasal floor was regarded as the "horizontal" plane and a perpendicular was drawn to this plane. The canal whose course changed by >10˚ from the vertical were regarded to be "slanted", (Table 8 and Table 9 ). Statistically significant differences between the genders and between the different age groups with respect to the shape and curvature of the NPC were not observed (Table 4 and Table 5 ) (Graphs 1-4). 
Angulation of the NPC
Angulation of the NPC was measured as the angle between the floor of the nasal fossa and long axis of the NPC. The mean angulation in males and females were 112.34 and 112.71 respectively. As all the subjects had an obtuse angle which suggested that the incisive foramen was located anterior to the nasopalatine foramina. Statistical analysis failed to show the correlation of the slanting angle of the NPC with age or gender ( Table 4 and Table 5 ).
Length of the NPC
The length of NPC was measured in the sagittal section between the level of the nasal fossa and the level of the hard palate along the long axis of the canal. The (Table 4 and Table 5 ).
Antero-Posterior Diameter of the Canal
The antero-posterior diameter of the NPC as viewed in sagittal plane was meas- (Table 4 and Table 5 ).
Discussion
In the present study up to three foramen were observed at the level of the nasal floor. Song et al. [11] and Jacob et al. [12] observed only two foramina in their studies. Mraiwa et al. [13] and Liang et al. [1] who also reported observing up to four foramina at the level of the nasal floor. Sicher [14] reported that there could be up to six separate foramen. The variability in results could be due to sample differences, age, ethnicity and the imaging techniques used in different studies.
In the present study, the average diameter of the incisive fossa in males was 2.56 mm and in females were 2.54 mm respectively. Kotaro et al. [15] in their study found out that the average mesiodistal diameter of the incisive fossa was 3.3 mm and 2.8 mm in males and females respectively. Matsumura et al. [16] in their study measured it as 3.1 mm and 3.3 mm in males and females respectively. In the present study, the average diameter of the canal at the level of the nasal floor was 1.54 mm and 1.50 mm in males and females respectively. Thakur et al. [7] in their study measured the average diameter of the canal at the level of the nasal floor to be 1.74 mm and 1.76 mm in males and females respectively. The mesiodistal diameter of the incisve foramen was more in males than in females which is in accordance the previous studies. The difference in the values could be attributed to the population chosen and the imaging modality used in the study.
In the present study the average length of the NPC in sagittal plane was 10.33 mm and 10.75 mm in males and females respectively. Naseeh et al. [17] in their study measured the average length of the NPC in sagittal plane to be 12.80 mm and 10.88 mm in males and females respectively. While Thakur et al. [7] measured it to be 10.96 mm and 9.20 mm in males and females respectively. In the present study the angulation of the NPC from the hard palate was 112.34 and 112.71 in males and females respectively. Panjnoush et al. [18] in their study measured the angulation of the NPC from the hard palate to be 109.3 and 109.7
in males and females respectively. Gonul et al. [19] measured it as 107.74 and 107.33 in males and females respectively.
In accordance to the previous studies, cylindrically shaped NPC was most commonly observed which was also found in most of our subjects [1] [20]. Song et al. [11] reported the predominance of the vertical type of NPC in their study, however in our study, slanted canals were more commonly observed than vertical ones.
In this study, the average length of the NPC was 10.16 mm in age group I, 10.29 mm in age group II and 15.82 mm in Age group III respectively. Statistically significant difference was observed in the measurement of length of the NPC. No statistical difference was observed in other parameters among the different age groups. This could be attributed to the dentulous and the edentulous population chosen in this study. There might be an increase in the size of the NPC, as observed in other studies [1] [20] could be due to the edentulous status of the patient rather than a age-related change. Table 10 illustrates the comparative analysis of the morphometric measurements of NPC performed by different researchers in comparison to that of the present study.
The technique of implant placement directly in the nasopalatine canal was first described by Scher in 1994 [24] and later by Misch [25] in 1999. Artzi et al.
successfully treated a patient with an implant in the nasopalatine canal by adapting a corticocancellous bone block graft to the canal causing displacement of the neurovascular bundle posteriorly [26] .
Penarrocha et al. [27] conducted a retrospective study with a long follow up in patients rehabilitated with implants in NPC in severe atrophic maxilla. A total of 13 implants were placed in the NPC with 84.6% success rate till 70 months follow up.
The difference in parameters from the previously reported studies could be due to population variation, race, ethnicity, imaging modality used and observer variability. Nevertheless, the anatomic variations in morphological parameters were significant, emphasizing the role of CBCT in assessment of NPC in treatment planning for implant placement, pathologies in this region or in preventing not premeditated complications while operating in the anterior maxillary region. The curvature, shape, angulation of the canal and its dimensions are the most significant parameters for placement of implants in the maxillary incisor region. Also, the number of openings, medio-lateral dimensions of the incisive fossa and length of the canal may prove important when implants within and around the nasopalatine canal are being planned.
However there were few limitations in the present study, the variability of the NPC was not assessed in the patients having any trauma to the anterior maxillary region. The patients who had been already treated with fixed prosthesis (dental implants and porcelain fused to metal crowns) in the anterior maxillary region were ruled out from the present study because the streaking artefacts would hinder the measurements of the NPC. 
Conclusion
In conclusion, this study highlights the anatomic variability and the radiomorphometric measurements of the NPC. These anatomic variations can only be assessed using 3D imaging modalities. The assessment of this anatomical landmark in treatment planning of this area for implant placement or assessment of pathologies in this region is of utmost importance. The shape, curvature and angulation of the canal are the most significant parameters for placement of implants in the maxillary incisor region. Additionally, the number of openings, medio-lateral dimensions, length of the canal, and level of its division may prove important when implants within the nasopalatine canal are being considered.
